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(54) liyiagnetorheological fluid-type vibration absorbing device 



(57) To be able to exhibit precise and sufficient vi- 
bration damping performance with regard to vibration 
not only in the low frequency region but also a wide 
range of high frequencies with less power consumption, 
an f^R fluid pathway (9) for hemietically sealing and 
holding the MR fluid (8) is fomned to be of crankshaft 
shape in cross section with vertical pathway portions 
(9A, 98) and horizontal pathway portions (9C), the path- 



way being between a piston-shaped member (6) and a 
cylindrical member (7) capable of displacing relative to 
each other in the direction of elastic deformation of the 
elastomer (5) due to applied vibration, an electromagnet 
(1 0) capable of fonning a magnetic field across the hor- 
izontal pathway portions (90) of the pathway (9), con- 
trolling the amplitude of the magnetic field to thereby 
change the viscosity of the MR fluid (8), fixed and sup- 
ported on the piston-shaped member (6). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present invention relates to a vibration ab- 
sorbing device applicable to for instance a base vibra- 
tion isolation device interposed between an apparatus 
mounting base and the ground or a floor surface, used 
to eliminate or reduce vibration of the apparatus mount- 
ing base due to earthquake or vehicle running, on which 
various apparatuses set up at semiconductor manufac- 
tu ring factories and the like are mounted and supported, 
and to a fluidic vibration absorbing device mainly appli- 
cable to engine mounts to absorb and dampen vibration 
by elastically supporting automobile engines on a vehi- 
cle body. 

2. Description of Related Art 

[0002] Vibration absorbing devices such as base vi- 
bration isolation devices are required to absorb and re- 
duce instantly vibration which excites the apparatus 
mounting base, and also absorb minute vibration in a 
low frequency range constantly occurring on the ground 
or the floor surface. As a vibration absorbing device to 
cope with such demand, a device made up of an elastic 
film using rubber elastomer and the like, or an active 
type base vibration isolation device capable of reducing 
vibration which excites the apparatus mounting base 
and minute vibration in a low frequency region occumng 
on the ground by externally driving and controlling a pi- 
ezo-actuator so as to interfere with vibration on the ap- 
paratus mounting base are known. 
[0003] The following fluidk: type vibration absorbing 
device applicable to engine mount and the like is sug- 
gested: a partition wall made up of elastic membrane 
using rubber elastomer and the like so as to divide the 
inside of the hollow body containing elastomer, such as 
elastic rubber and diaphragm, into main and subsidiary 
liquid chambers, and a damping orifice for letting a part 
of the liquid contained in the main liquid chamber flow 
into the subsidiary liquid chamber side when com- 
pressed due to deformation of elastic rubber when vi- 
bration is applied, are provided; If vibration In a low fre- 
quency region is applied, variation of liquid pressure in 
the main liquid chamber is absorbed to attenuate vibra- 
tion by letting the liquid contained in the main liquid 
chamber flow through the orifice into the subsidiary liq- 
uid chamber; or if the vibration in a high frequency region 
is applied to put the orifice in the state of being closed, 
the device is constructed to absorb the variation of liquid 
pressure in the main liquid chamber by the elastic dis- 
placement of the partition wall made up of the elastic 
membrane; or as disclosed, for example, in the JP-A- 
224885/1 995 or JP-A- 1 641 81 /1 993 official gazette, with 
a part of side wall of the main liquid chamber made up 



of a movable plate or a vibration plate (hereinafter re- 
ferred to as movable plate or the like), variatton of liquid 
pressure in the main liquid chamber, when vibration in 
the high frequency region is applied, is absorised by dis- 
5 placing the movable plate and the like through electro- 
magnetic force caused by a combination of an electro- 
magnet and magnetk: fluid. 

[0004] However, in regard to a device configured by 
the use of the elastic membrane such as rubber elas- 

10 tomer among conventional vibration absorbing devices 
applicable to the base vibration isolation device and the 
like and conventional fluidic vibration absorbing devrce 
applicable to engine mounts and the like, attenuating 
performance is exhibited only to the vibration in special 

IS frequency region (a single range or very narrow range), 
and sufficient attenuating performance is not exhibited 
with regard to the vibration In a frequency region other 
than that, this needed in order to always keep constant 
rigidity of the elastic membrane itself (spring constant) 

20 irrespective of vibration frequency. 

[0005] In regard to the active-type base vibration iso- 
lation device configured to reduce base vibration by ap- 
plying vibration to interfere with that of the apparatus 
mounting base by driving and controlling the piezo-ac- 

^5 tuator among conventional vibration absorbing devices 
applicable to the base vibration isolation device and the 
like, It is necessary to minutely drive and control the pi- 
ezo-actuator so as to always apply proper interferential 
vibration according to vibration frequency either in the 

30 case of vibration which excites the apparatus mounting 
base and minute vibration in a low frequency range con- 
stantly occurring on the ground and the floor surface. 
Accordingly, there are the problems of large-size of the 
device as a whole pursuant to the use of the piezo-ac- 

35 tuator, raising initial cost restricting the degree of free- 
dom of design, increasing power consumption and mak- 
ing high running cost unavoidable. 
[0006] Furthermore, in regard to conventional fluidic 
vibration isolation device with a part of the side wall of 

40 the main liquid chamber made up of a movable plate 
and the like displaced through electromagnetic force 
which is generated by a combination of an electromag- 
net and magnetic fluid, it is possible to adjust the liquid 
pressure in the main liquid chamber by means of dis- 

45 placement of movable plate and the like, but resonance 
frequency cannot be adjusted or can only be adjusted 
in a limited narrow frequency range, therefore there is 
a problem that damping perfonnance cannot be exhib- 
ited suffk:iently with regard to vibration in a wide range 

so of high frequencies. 

SUMMARY OF THE INVENTION 

[0007] In view of the aforementioned problems or dif- 
55 ficulties, this invention has been accomplished and pro- 
vides a vibration absorbing device and a fluidic type vi- 
bration absorbing device capable of exhibiting precise 
and sufficient vibration-damping performance to vibra- 
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tion not only in the low frequency region but also a wide 
range of high frequency region with less power con- 
sumption while being compact on the whole and with a 
higher degree of freedom of design so that the cost is 
reduced. 

[0008] In order to accomplish the aforementioned ob- 
jects, a vibration ed>sofbing device according to the 
present Invention as set forth in claim 1 is fitted through 
an elastomer on the vibration generating side and an 
elastomer on the vibration receiving side, has a pathway 
formed between a piston-shaped member and a cylin- 
drical member capable of displacing relative to each oth- 
er in the direction of generating vibration attendant on 
elastic deformation of the elastomer when vibration is 
applied, to henneticaily seal and hold MR fluid, the vis- 
cosity of which varies depending on the amplitude of 
magnetic field, so that it Is capable of flowing, and is 
provided with an electromagnet to form a magnetic field 
across the pathway and be able to control the strength 
of the magnetic field for changing the viscosity of the 
MR fluid, wherein the pathway of the MR fluid is formed 
to be of crankshaft shape in cross section having path- 
way portions located parallel to each other along the di- 
rection of relative displacement of the piston -shaped 
member and the cylindrical member and a pathway por- 
tion at the portion of the magnetic field crossing the path- 
way, in a direction perpendicular or nearly perpendicular 
to the direction of the above relative displacement so as 
to connect the above pathways with each other 
[0009] In order to accomplish the objectives de- 
scribed above, a fiuidic type vibration absorbing device 
according to the present Invention as set forth in claim 
4 is provided with a piston-shaped partition located in- 
side of the hollow body formed by two attachment mem- 
bers connected with the vibration generating portion and 
the vibration receiving portion respectively and the elas- 
tomer fitted between these two attachment members so 
that the piston-shaped partition divides the inside of the 
hollow body into main and subsidiary liquid chambers, 
capable of displacing in the direction of respective ex- 
pansion and contraction of the liquid chambers due to 
deformation of elastomer when vibration is applied and 
has a pathway formed between the piston-shaped par- 
tition and the cylindrical member contacting the side of 
the hollow body and surrounding the outer circumfer- 
ence of the piston-shaped partition to henmetically seal 
and hold the MR fluid, the viscosity of which varies de- 
pending on the amplitude of magnetic field strength, so 
that it is capable of flowing, and is provided with an elec- 
tromagnet to form a magnetic field across the pathway 
and which is able to control the amplitude of the mag- 
netic field and thereby change the viscosity of the MR 
fluid, wherein the pathway for henneticaily sealing and 
holding the MR fluid is formed to be of crankshaft shape 
in cross section having pathway portions located paral- 
lel to each other along the direction of displacement of 
the piston-shaped partition and a pathway portion at the 
crossing portion of the magnetic field that is perpendic- 



ular or nearly perpendicular to the direction of relative 
displacement of the piston-shaped partition so as to 
connect those pathways with each other. 
[0010] According to the present invention as set forth 
5 in claims 1 and 4 with the features and configurations 
described above, a definite vibration damping perform- 
ance is exhibited by absorbing vibration in the low fre- 
quency region by means of proper liquid pressure vari- 
ation absorbing action consisting of letting the liquid 
10 contained in the elastomer or main liquid chamber flow 
through the damping orifice into the subsidiary liquid 
chamber, this done by rigidifying the piston body or pis- 
ton-shaped partition (hereinafter referred to as a piston 
body) after maximizing the viscosity of the MR fluid 
through conduction of electromagnet when vibration in 
the low frequency region is applied, thereby increasing 
the spring constant of the piston-shaped member. On 
the other hand, sufficient damping performance can be 
exhibited for vibration in a wide range of high frequen- 
ce cies by controlling conduction current to the electromag- 
net to increase/decrease the viscosity of the MR fluid 
and arbitrarily and extensively vary the rigidity of the pis- 
ton body itself, thus adjusting minutely the resonance of 
vibration of the piston body, that is, resonance frcquen- 
25 cy, over a wide range. 

[0011] Especially, since the pathway of the MR fluid 
is formed in the form of a crankshaft in cross section and 
the magnetic field crosses the pathway perpendicular 
or nearly perpendicular to the direction of displacement 
30 of the piston body out of the crankshaft-shaped pathway 
is adopted, it is possible to rapidly increase the rigidity 
of the piston body by increasing the viscocity of the MR 
fluid of the pathway at the portion crossing the magnetic 
field when electric current is turned on, damming up the 
35 MR fluid. In detail, for example, by forming the pathway 
of the MR fluid in a straight line and applying the mag- 
netic field across a part of the straight pathway, it is pos- 
sible to increase the rate of change of spring constant 
(rigidity) with electric cunrent more than the method of 
40 increasingthe rigidity through the internal frtetional force 
of the MR fluid the viscosity of which Increases in with 
electric current. Accordingly, as aforementioned, it is 
possible to reduce the running cost by exhibiting exact 
and sufficient vibration damping performance against vi- 
45 bratlon in the low frequency region and a wide range of 
high frequency region at less consumption power as 
well as rapid changing of the vibration frequency against 
which there is rigidity. 

[0012] In regard to the vibration absortsing device and 
50 ftuidc type vibration absorbing device of the configura- 
tion described above, the electromagnet may be fixed 
and supported located at the outer circumference of the 
piston body close to the cylinder body. Especially as set 
forth in claims 2 and 5, the whole device can be config- 
55 ured compactly when the electromagnet is fixed and 
supported on the piston body side to make the best use 
of the inside space on the piston body side for installa- 
tion space of the electromagnet 
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[0013] In regard to the vibration absorbing device and 
fluidic type vibration absorbing device of the configura- 
tion described above, as set forth in claims 3 and 6. leak- 
age of magnetic flux produced by the electromagnet is 
diminished and magnetic flux on the pathway portion 
where the magnetic field crosses the MR fluid pathway 
is concentrated as much as posstole by constructing the 
cylinder member from a yoke portion made of ferromag- 
netic material to strengthen the magnetic field crossing 
the pathway located perpendicular or nearly perpendic- 
ular to the direction in which the piston body out of the 
MR fluid pathway and a ring portion made of nonmag- 
netic or feeble magnetic material surrounding and hold- 
ing the yoke portion are displaced relative to each other, 
allowing power consumed for exhibiting definite-fre- 
quency vibration damping to be further reduced as well 
as expediting changeover of the vibration frequency 
producing rigidity. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

Fig. 1 is a semi vortical sectional view of base vi- 
bration isolation device which is one example of the 
vibration absorbing device according to the inven- 
tion as set forth in claims 1 to 3. 
Fig.2 is a schematic perspective view showing the 
use of the base vibration isolation device as set forth 
in claims 1 to 3. 

Fig.3 is an overall vertical sectional view showing 
the first embodiment of an engine mount as one ex- 
ample of the fluidic vibration absorbing device ac- 
cording to the invention as set forth in claims 4 to 6. 
Fig.4 is a vertical sectional view of the principal part 
of Fig,3. 

Fig.5 is an enlarged semi vertical sectional view of 

the principal part. 

Fig.6 is an enlarged semi vertical sectional view of 
the principal part showing the second embodiment 
of the engine mount. 

Fig.7 is an enlarged semi vertical sectional view of 
the principal part showing the third embodiment of 
the engine mount. 

Rg.8 is an enlarged semi vertical sectional view of 
the principal part showing the fourth embodiment of 
the engine mount. 

Fig. 9 is an enlarged semi vertical sectional view of 
the principal part showing the fifth embodiment of 
the engine mount. 

Fig.1 0 is an enlarged semi vertical sectional view of 
the principal part showing a device according to the 
invention used for experiment. 
Fig.1 1 is an enlarged semi vertical sectional view of 
the principal part showing a device used for com- 
parison in the experiment. 

Fig.1 2 is a graph showing the result of the experi- 
ment, the electric current/spring constant relation 



for the device according to the invention and the 
comparative device. 

DESCRIPTION OF THE PREFERRED 
5 EMBODIMENTS 

[0015] Fig. 1 shows semi vertical sectional structure 
of the base vibration isolation device as one example of 
vibration absorbing device according to the invention as 

10 set forth in claims 1 to 3. As shown in Fig.2, the base 
vibration isolation devk:e A is interposed between the 
apparatus mounting base 1 . which serves as a vibration 
producing portion, and the ground or floor surface 2 
(hereinafter referred to as floor surface) of for instance 

^5 a semiconductor manufacturing factory, which serves 
as a vibration receiving portion, equipped with a piston- 
shaped member 6 and a cylindrical member 7 fitted 
through elastomers 5 of elastic rubber and the like be- 
tween an attachment fitting 3 on the lower surface of the 

20 apparatus mounting base 1 and an installation fixing 
member 4 to the floor surface 2 and so forth, wherein 
these piston-shaped member 6 and the cylindrical mem- 
ber 7 are configured in the direction of vibration appli- 
cation, that is, vertically so as to be able to move rela- 

2s tivety to each other in accordance with the elastic defor- 
mation of the elastomer 5 occuring when vibration is ap- 
plied such as vibration which excites the apparatus 
mounting base 1 or minute vibration occurring on the 
floor suriace 2 side and the like. 

30 [0016] The cylindrical member 7 comprises an annu- 
lar yoke portion 7A made of ferromagnetic material and 
projecting toward the piston member 6 and a ring portion 
7B made of nonmagnetic or weakly magnetic material 
surrounding and fixedly holding the outer circumferen- 

3s tial portion of the yoke portion 7A. An MR fluid pathway 
9 hermetically seating and holding the MR fluid 8, the 
viscosity of which varies depending on the amplitude of 
the magnetic field, so that it is capable of flowing is 
formed by both piston member 6 and yoke 7A and the 

40 elastomers between the yoke portion 7A of the cylindri- 
cal member 7 and the piston -shaped member 6. 
[0017] The pathway of the MR fluid 9 is fonmed to be 
of crankshaft shape in cross section on the whole, hav- 
ing a pair of upper and lower vertical pathway portions 

45 9A, 9A and intermediate vertical pathway portion 9B lo- 
cated parallel to each other in the direction of upper and 
lower relative displacement of the piston -shaped mem- 
ber 6 and the cylindrical member 7 and a pair of upper 
and lower horizontal pathway portions 90, 9C of width 

so d1 narrower than the width d2 of each vertical pathway 
portion 9A, 9A, 9B located perpendicular or nearly per- 
pendicular to the direction of upper and lower relative 
displacement so as to connect the pair of upper and low- 
er vertical pathway portions 9A, 9A and intermediate 

S5 vertical pathway portion 98 with each other. 

[0018] At the region where the inner circumference of 
the yoke portion 7A of the cylinder member 7 contacts 
the outer circumference of the piston-shaped member 
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6, the electromagnet 10 forming the magnetic field mp 
across the pair of upper and tower horizontal pathway 
portions 9C, 9C of the MR fluid pathway 9 is disposed 
annularty and fixedly supported by the piston-shaped 
member 6. The viscosity of the MR fluid 8 can be in- 
creased or decreased by controlling electric cun-ent to 
the electromagnet 1 0 to control the strength of magnetic 
field across the upper and lower horizontal pathway por- 
tions 9C, 9C of the MR fluid pathway 9. 
[0019] The MR fluid 8 is Bingham fluid with ferromag- 
netic metal fine particle of particle size not more than 1 
to lOfim dispersed in high concentration suspension, 
has an operating temperature range of -40 to 150°C, its 
viscosity being changed depending on the strength of 
magnetic field, and is called as magnetic viscosity fluid 
or magnetic rheological fluid. 

[0020] In regard to The base vibration isolation device 
A of the configuration described above, when vibration 
is transmitted to the apparatus mounting base 1 , an 
electromagnet switch (not shown) is turned ON to flow 
the current to the electromagnet 10. When the strength 
of the magnetic field mp across upper and lower hori- 
zontal pathways 9C, 9C of the MR fluid pathway 9 is 
increased to maximize the viscosity of the MR fluid 8, 
the base vibration isolation device A is rigidif ted, and the 
vibration transmitted to the apparatus mounting base 1 
can be absorbed and reduced. When vibration of the 
apparatus mounting base 1 comes to a stop, current to 
the electromagnet 1 0 is stopped, the viscosity of the MR 
fluid 8 is decreased, and upper and tower relative dis- 
placement of the piston-shaped member 6 and the cy- 
lindrical member 7 is allowed. Whereby, with the appa- 
ratus vibration isolation device A becoming flexible, 
minute vibration in a range of low frequencies constantly 
occurring on the floor surface and the like is absorbed 
by upper and lower relative displacement of the piston- 
shaped members and the cylindrical member 7 in keep- 
ing with elastic deformation of the elastomer 5, thus al- 
lowing transmission of vibration to the apparatus mount- 
ing base 1 to be reduced. 

[0021 ] Fig.3 is a whole vertical sectional view showing 
a first embodiment of an engine mount of one example 
of fluidic type vibration absorbing device according to 
the invention as set forth in claims 1 to 3. Fig.4 is an 
enlarged vertical sectional view of the principal part. The 
engine mount B of the first embodiment Is made up of 
a hollow device body 1 7 comprising an attachment fit- 
ting 11 capable of fitting on the vibration generating 
source side of an automobile engine and the like, a main 
fitting 12 in an annular form, an elastic rubber body 13 
in nearly cylinder fonm connected between fittings 1 1 
and 12, an attachment member 14 in the fomn of a plate 
capable of fitting on the vibration receiving side of the 
automobile frame and the like, a cylindrical member 1 5 
fitted on the inner circumferential surface of the main 
fitting 12, and a diaphragm 16 projecting in toward the 
fitting member 1 4. Since a piston-shaped partition 1 8 is 
disposed inside of the cylindrtoal member 15 of the de- 



vice body 1 7, two main and subsidiary liquid chambers 
19. 20 are partitioned above and below the piston- 
shaped partition 18. 

[0022] A damping orifice 21 is provided between two 
5 main and subsidiary liquid chambers 1 9, 20. The damp- 
ing orifice 21 serves to mutually connect both liquid 
chambers 19, 20. to let a part of the liquid contained in 
the main liquid chamber 1 9 which is compressed due to 
elastic defomnation of the body elastic rubber 13 when 
10 vibration is applied flow into the subsidiary liquid cham- 
ber 20, and absorb variation of liquid pressure in the 
main liquid chamber 1 9 through deformation of the dia- 
phragm 16. 

[0023] In regard to the engine mount B having the ba- 
15 sic configuration described above, the cylindrical mem- 
ber 15 comprises an annular yoke portion 15A made of 
ferromagnetic material and projecting toward the piston- 
shaped partition 1 8. and a ring portion 1 SB made of non- 
magnetic or feeble magnetic material surrounding and 
20 fixedly holding the outer circumferential portion of the 
yoke portion 15A. An MR fluid pathway 24 hermetbalty 
sealing and holding the MR fluid 22, the viscosity of 
which varies depending on the amplitude of the mag- 
netic field, with a thin cover rubber 23 between the two 
25 SO that the fluid is capable of flowing, is formed between 
the cylindrical member 15 and the piston-shaped parti- 
tion 1 8. 

[0024] As shown in Fig. 5, the pathway of the MR fluid 
24 is formed to be of crankshaft shape in cross section 

30 on the whole, having upper and lower vertical pathway 
portions 24A, 24A located parallel to each other along 
the direction of upper and lower relative displacement 
of the piston-shaped partition 18 and the cylindrical 
member 15, an intemiediate vertical pathway portion 

35 24B located closer to the center of the engine mount B 
than the upper and lower vertical pathway portions 24A, 
24A, and a pair of upper and lower horizontal pathway 
portions 24C, 24C of width d1 narrower than the width 
d2 of each vertical pathway portion 24A, 24A, 24B lo- 

40 cated perpendk^ular or nearly perpendicular to the di- 
rection of upper and lower relative displacement of the 
piston-shaped partition 18 and the cylindrical member 
1 5 so as to connect those upper and lower vertical path- 
way portions 24A, 24A and the intermediate vertical 
pathway portk>n 24B. 

[0025] On the piston-shaped partition 1 8 portion lo- 
cated at the edge of its inner circumference at the yoke 
portion 15A of the cylindrical member 15, the electro- 
magnet 26 coated by nonferromagnetic material cover 

so 25 and forming the magnetk; field mp across upper and 
lower horizontal pathway portions 24C, 24C of the MR 
fluid pathway 24 is disposed annulariy and fixedly sup- 
ported to the piston-shaped partition 18. The viscosity 
of the MR fluid 22 can be increased or decreased by 

55 controlling electric current to the electromagnet 26 to 
control the strength of magnetic fjeld mp across upper 
and lower horizontal pathway poritons 24C, 24C of the 
MR fluid pathway 24. 



5 



9 



EP 1 288 526 A1 



10 



[0026] In regard to the engine mount B of the config- 
uration described above, under the condition where vi- 
bration occurs in low frequency region, the electroniag- 
netic switch (not shown) is turned ON to flow the current 
into the electromagnet 26 and increase the strength of 
magnetic field formed in the magnetic field mp to maxi- 
mize the viscosity of the MR fluid 22, thus rigidifying the 
piston-shaped partition 18. Under this condition, it is 
possible to dampen vibration in the low frequency region 
by means of liquid pressure variation absorbing action 
of conventional arts, where the liquid contained in the 
main liquid chamber 1 9 compressed due to elastic de- 
formation of the body elastic mbber 13 pursuant to vi- 
bration being applied, is pushed through the damping 
orifice 21 into the subsidiary liquid chamber 20. 
[0027] On the other hand, under the condition where 
vibration in the high frequency region occurs, it is pos* 
sible to arbitrarily and extensively vary rigidity and vibra- 
tion amplitude of the piston-shaped partition 1 8 by turn- 
ing OFF the electromagnet switch to stop conducting the 
electromagnet 26 or turning ON the electromagnet 
switch and controlling current to the electromagnet 26, 
thus reducing the strength of magnetic field mp to zero, 
or adjusting its amplitude to increase or decrease the 
viscosity of the MR fluid 22, Thereby, resonance fre- 
quency of the piston-shaped partition 1 8 can finely be 
adjusted over a wide range to exhibit sufficiently large 
damping effects on vibration in a wide range of high fre- 
quencies. . 

[0028] Fig.6 is an enlarged vertical sectional view of 
the principal part showing the second embodiment of 
the engine mount B. The second embodiment differs 
from the first embodiment in that an intermediate vertical 
pathway portion 24B of the MR fluid pathway 24 formed 
to be of crankshaft shape In cross section is located far- 
ther from the center of the engine mount B than a pair 
of upper and lower vertical pathway portion 24A, 24A, 
but otherwise this configuration is the same as the first 
embodiment. Accordingly, equivalent signs are given to 
the corresponding items, and the description of detailed 
structural and vibration absorbing operation is omitted. 
[0029] Fig. 7 is an enlarged vertical sectional view of 
the principal part showing the third embodiment of the 
engine mount B. The third embodiment differs from the 
first embodiment In that the intermediate vertical path- 
way portion 24B and lower vertical pathway portion 24A 
of the MR fluid pathway 24 are arranged in the same 
straight line and the entire MR fluid pathway 24 is formed 
to be of half-crant(shaft shape, but otherwise the config- 
uration is the same as the first embodiment. According- 
ly, equivalent signs are given to the corresponding 
items, and the description of detailed structural and vi- 
bration absorbing operation is omitted. 
[0030] Figs. 8 and 9 are enlarged vertical sectional 
views of the principal part of the fourth and fifth embod- 
iments of the engine mount 8. In the fourth and fifth em- 
bodiments, the electromagnet 26 is disposed and fixed 
on the cylindrical member 15. In regard to the arrange- 



ment of the electromagnet 26, the fourth and fifth em- 
bodiments differ from the first and second embodiments 
in that entire engine mount B has a little larger diameter, 
but otherwise the configuration Is the same as the first 
5 and second embodiments. Accordingly, equivalent 
signs are given to the corresponding points, and the de- 
scription of detailed structural and vibration absorbing 
operation is omitted. 

[0031] In regard to the base vibration isolation device 

10 A and the engine mount B of the first to fifth embodi- 
ments, the MR fluid pathways 9 and 24 are formed to 
be of crankshaft shape in cross section, and disposed 
perpendicular or nearly perpendicular to the direction of 
relative displacement of the piston body 6 and the pis- 

is ton-shaped partition 1 8. Furthermore, it is configured to 
have the magnetk: field mp cross horizontal pathway 
portions 9C and 24C of smalt width d1. Accordingly, 
when the MR fluid 8 and 22 of horizontal pathway portion 
9C and 24C at the magnetic field crossing portions gel 

20 hardened {viscosity increases) after current is turned 
on, the stream of the MR fluid 8 and 22 Is dammed up 
and rigidity of the piston body 6 and the piston-shaped 
partition 18 rapidly increase. For example, as compared 
with the configuration in which the MR fluid pathway is 

25 formed in a straight line and a part of the straight path- 
way crosses the magnetic field, it is possible have a larg- 
er change of spring constant (rigidity) with change in 
conduction current. 

[0032] In this connection, as shown in Fig.10, an ex- 

30 periment was made to measure the rate of change of 
spring constant (N/mm) against an electric cun^ent (A) 
on the device according to the invention, in which the 
MR fluid pathway 24 of crankshaft shape in its cross sec- 
tion facing the inside is formed between the piston- 

35 shaped partition made of iron fixedly supporting the 
electromagnet 26 and the cylindrical member 16 made 
of an iron yoke portion 1 5A and a brass ring portion 1 5B 
similar to the MR fluid pathway in the engine mount de- 
scribed in the first embodiment, and each dimension is 

40 set to the numerical values put down in Fig.10 (Unit: 
mm), and on a device for comparison purposes, in which 
the MR fluid pathway 24' in the form of a vertical straight 
line is fomied between an iron piston-shaped partition 
1 8' fixedly supporting the electromagnet 26' and having 

^5 an acrylic plate 30' outside of the electromagnet 26' and 
an Iron cylindrical member 15* as shown In Fig. 11 and 
each dimension is set similarly to the device according 
to the invention, and the result as shown in Fig. 12 is 
obtained. 

so [0033] As shown in Fig. 1 2, the device according to the 
present invention can derive a large spring with a small 
current in comparison with the conventional device. 
Therefore, it is possible to reduce the running cost while 
exhibiting exact and sufficient vibration damping per- 

55 formance against vibration in low frequency region and 
a wide range of high frequency region at less consump- 
tion power, as well as rapidly changing the vibration fre- 
quency at which rigidity occurs. In case of the device to 
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be compared, since the MR fluid itself depends highly 
on inside friction force, a great deal of expensive MR 
fluid must be used. On the other hand, in the case of the 
device according to the invention, since the spring con- 
stant can be increased by physical engaging force de- 
riving from the stream of the MR fluid being dammed up, 
very much less amount of MR fluid is required, also al- 
lowing the cost to be reduced in this aspect. 
[0034] As mentioned above, according to the inven- 
tion as set forth in claims 1 and 4, merely by adjusting 
the strength of magnetic field by controlling electric cur- 
rent applied to the electromagnet, synergism of use of 
the MR fluid capable of arbitrarily and extensively 
changing rigidity of the piston itself and adoption of a 
configuration fonning the MR fluid pathway in the form 
of a crankshaft in section and so increasing the rate of 
change of the spring constant (rigidity) with change in 
electric current of the MR fluid causes the vibration ab- 
sorbing device of the invention to have great effect al a 
place where vibration in high and low frequency region 
is mixed and occurs repeatedly, being capable of pre- 
cise and sufficient damping of vibration not only in the 
low frequency region but also over a wide range of high 
frcquGncics with loss power consumption while being 
compact on the whole and with higher degree of free- 
dom of design allowing reduction in the initial cost and 
moreover being able to rapidly change the vibration fre- 
quency at which rigidity occurs. 

[0035] Especially, by adopting the configuration as set 
forth in claims 2 and 5. the whole device can be still more 
compact, which enlarges the range of its uses. 



Claims 

1 . A vibration absorbing device characterised by be- 
ing fitted through an elastomer to the vibration gen- 
erating side and an elastomer to the vibration re- 
ceiving side, having a pathway formed between a 
piston-shaped member (6) and a cylinder member 
(7) capable of displacing relative to each other in 
the direction of generating vibration attendant on 
elastic detonmation of the elastomer (5) when such 
vibration is applied, and hemnetically sealing and 
holding MR fluid (8) between them, the viscosity of 
which varies depending on the amplitude of mag- 
netic field, so that it is capable of flowing and a flow 
pathway (9) is fomned, and being provided with an 
electromagnet (10) to form a nr>agnetic field cross- 
ing the flow pathway and thus being able to control 
the strength of the magnetic field for changing the 
viscosity of the MR fluid (8), 

wherein the pathway (9) of the hemnetically 
sealed MR fluid is in the form of a crankshaft in cross 
section having pathways (9A, 9C) located parallel 
to each other along the direction of relative dis- 
placement of the piston-shaped portion (6) and the 
cylindrical member (7) and a pathway portion (9C) 



at the position of the crossing magnetic field located 
along the direction perpendicular or nearly perpen- 
dicular to the direction of relative displacement of 
the piston-shaped portion (10) so as to connect the 
5 parallel pathway portions with each other. 

2. A vibration absorbing device as set forth In claim 1 , 
wherein the electromagnet (10) is fixed and sup- 
ported on the piston-shaped portion side. 

10 

3. A vibration absorbing device as set forth in claim 1 
or 2, wherein the cylinder member (7) is constructed 
from a yoke portion (7A) made of ferromagnetic ma- 
terial to strengthen the magnetic field crossing the 

IS pathway in the direction perpendicular or nearly 
perpendicular to the above relative displacing direc- 
tion and a ring portion (7B) made of non-magnetic 
or weal<ly magnetic material surrounding and hold- 
ing the yoke portion (7A). 

20 

4. A f luidic type vibration absorbing device character- 
ised by being provided with a piston-shaped parti- 
tion (18) located inside of the hollow body formed 
by two attachment members (11, 14) connected 

^5 with the vibration generating portion and the vibra- 
tion receiving portion respectively and an elastomer 
(1 3) fitted between these two attachment members, 
the piston-shaped partition (18) dividing the inside 
of the hollow body into main and subsidiary liquid 

30 chambers (19. 20), capable of displacing the piston- 
shaped partition (18) in the direction of relative 
change in volume of the two liquid chambers 
caused by defonnation of elastomer when vibration 
is applied, and having a pathway formed between 

35 the piston-shaped partition (18) and the cylinder 
portion (15) contacting the hollow body and sur- 
rounding the outer circumference of the piston- 
shaped partition (18) to hennetically seal and hold 
the MR fluid (22) so that it is capable of flowing, the 

40 viscosity of whch varies depending on the ampli- 
tude of the magnetic field, and provided with an 
electromagnet (26) forming a magnetic field across 
the pathway by which the amplitude of the magnetic 
field can be controlled for changing the viscosity of 
the MR fluid, wherein the pathway (24) of the MR 
fluid is In the form of a crankshaft In cross section 
having pathway portions (24A, 24B) located parallel 
to each , other along the direction of relative dis- 
placement of the piston-shaped member and the 

so cylindrical member and a pathway portion (24C) at 
the position of the crossing magnetic field in the di- 
rection perpendicular or nearly perpendicular to the 
direction of the above relative displacement so as 
to connect the parallel pathway portions (24A, 246) . 

55 

5. A f luidic type vibration at)sorbing device as set forth 
in claim 4, wherein the electromagnet (26) is fixed 
and supported on the piston-shaped partition side. 
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Afluidic type vibration absorbing device as set forth 
in claim 4 or 5, wherein the cylindrical member (1 5) 
is constructed from a yoke portion (15A) made of 
ferromagnetic materia! to strengthen the magnetic 
field crossing the pathway which is crank-shaped in s 
cross section located along the direction perpendic- 
ular or nearly perpendicular to the relative displac- 
ing direction of the piston-shaped partition (18) and 
a ring portion (1 5B) made of non-magnetic or weak- 
ly magnetic material surrounding and holding the io 
yoke portion (ISA). 
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FIG. 3 
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FIG. 6 
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FIG. 7 




15 



EP 1 288 S26 A1 



FIG. 8 
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FIG. 9 
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